Abstract--Beyond its direct involvement in protein synthesis with mRNA, tRNA, and rRNA, RNA is now being appreciated for its significance in the overall metabolism and regulation of the cell. Comparative analysis has been very effective in the identification and characterization of RNA molecules, including the accurate prediction of their secondary structure. We are developing an integrative scalable data management and analysis system, the RNA Comparative Analysis Database (rCAD), implemented with SQL Server to support RNA comparative analysis. The platformagnostic database schema of rCAD captures the essential relationships between the different dimensions of information for RNA comparative analysis datasets. The rCAD implementation enables a variety of comparative analysis manipulations with multiple integrated data dimensions for advanced RNA comparative analysis workflows. In this paper, we describe details of the rCAD schema design and illustrate its usefulness with two usage scenarios.
I. INTRODUCTION
A new perspective is now emerging in Biology: RNAs have a dominant role in the structure, function and regulation of the cell. Like DNA, it has a well-defined set of rules for nucleotide base pairing -A pairs with U, and G pairs with C. These consecutive and antiparallel base pairs form canonical helices. Like protein, RNA is capable of forming a three-dimensional structure composed of helices, hairpin, internal, and multi-stem loops, and other structural motifs, and like proteins, RNA is capable of catalyzing chemical reactions [1] [2] [3] [4] [5] [6] [7] . It is now widely appreciated that RNA, as a precursor to DNA and proteins, was essential to the origin of life and to establish the mechanism for the association of a cell's genotype to its phenotype [8] [9] [10] [11] .
Comparative analysis, used effectively by Darwin to compare and contrast anatomical features of animals [12] , has the potential to facilitate the identification and characterization of the RNAs primary and higher-order structure, and patterns of variation and conservation for the set of analyzed sequences [13] . The utilization of comparative analysis is based on a very important discovery in molecular biology -the same RNA secondary and tertiary structure can have different RNA sequences [14, 15] . The predicted secondary structure models are generally conserved for each of the specific RNAs. The accuracy from these comparative studies is impressive. Approximately 98% of the base pairs identified with comparative analysis in the three ribosomal RNAs -16S, 23S, and 5S that contain more than 4,500 nucleotides are in the high resolution crystal structures [16] . In addition to the prediction of an entire RNA structure model, comparative analysis has identified RNA structural motifs, the basic building blocks of RNA structure and biases in the distribution of nucleotides in the ribosomal RNAs secondary structure. These include: unpaired adenosines in the rRNA secondary structures [17, 18] , preponderance of tetraloops -hairpin loops with four nucleotides [19] and other types of irregular structural elements in the ribosomal RNA [20] .
Successful application of comparative analysis to an RNA dataset requires an interactive workflow that includes the acquisition, management and analysis of large amounts of biological information divided into multiple dimensions: 1) sequences and the alignments of those sequences based on a common structure model, 2) evolutionary relationships between sequences and 3) higher-order structure and structural motifs. The iterative nature of the comparative analysis workflow ultimately improves the predicted structure model and the quality of the sequence alignment.
However, the comparative analysis workflow does not lend itself to the software pipeline architecture currently favored by most computational biology and bioinformatics applications [21, 22] . The pipeline architecture assumes that relevant data (e.g., sequence alignment) is primarily stored in flat-files. Different programs load the data from flat-files into memory, perform analysis and output the results to a different flat-file. The pipeline is created by chaining different programs together. Raw data enters at one end of the pipeline and the value-added analyses exit at the other end in an automated fashion.
The comparative analysis workflow requires a semiautomated iterative approach. An important part of the comparative analysis is the interaction between biologists and the data. For example, as more sequences become available, the existing multiple sequence alignment are updated and curated to improve the comparative model. 
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